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(54) Title: DUAL JET CRYSTALLIZER APPARATUS 



(57) Abstract 

There is disclosed a dual jet crystallizer apparatus com- 
prising a crystallization or mixing chamber (10) having opposed 
angularly disposed arms (1 1) which removably receive jet noz- 
zles (13). One end of the chamber is provided with means to dis- 
charge crystallized product therefrom while the other end is 
equipped with means to adjust the crystallization volume within 
the chamber (10). The angular arms (11) are disposed within 
specified angular tolerances with respect to the longitudinal axis 
of the chamber. One of the jet nozzles (13) is provided with 
means at one end to receive and deliver to the chamber com- 
pound to be crystallized while one end of the other jet nozzle 
(13) is provided with means to receive and deliver to the cham- 
ber (10) a crystallization agent for the compound. The opposite 
ends of each of the jet nozzles (13) have means to removably se- 
cure them to the angular arms (11) and the ends thus secured 
have a nozzle tip section formed therein defining an orifice hav- 
ing an elongated bore. Means are provided intermediate the 
ends of each jet nozzle (13) for further adjusting the distance of 
the jet nozzle tips with respect to the longitudinal axis of the 
chamber (10). 
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TITLE OF THE INVENTION 

DUAL JET CRYSTALLIZER APPARATUS 

R ArKOKOIIND OF THE INVENTION 

5 Crystallization from solution of chemically active 

compounds or their intermediates is the typical method of purification 
used in industry, particularly the pharmaceutical industry. The 
integrity of the crystalline structure, or crystal habit, that is produced 
and the particle size of the end product are important considerations in 

10 the crystallization process. 

For pharmaceuticals, high bioavailability and short 
dissolution time are desirable or often necessary attributes of the end 
product. However, the direct crystallization of small sized, high surface 
area particles is usually accomplished in a high supersaturation 

1 5 environment which often results in material of low purity, high 
friability, and decreased stability due to poor crystal structure 
formation. Because the bonding forces in organic crystal lattices 
generate a much higher frequency of amorphism than those found in 
highly ionic, inorganic solids, "oiling out" of supersaturated material is 

20 not uncommon, and such oils often solidify without structure. 

Slow crystallization is a common technique used to increase 
product purity and produce a more stable crystal structure, but it is a 
process that decreases crystallizer productivity and produces large, low 
surface area particles that require subsequent high intensity milling. 

25 Currently, pharmaceutical compounds almost always require a post- 
crystallization milling step to increase particle surface area and thereby 
improve their bioavailability. However, high energy milling has 
drawbacks. For example, such milling may result in yield loss, noise 
and dusting, as well as unwanted personnel exposure to highly potent 

30 pharmaceutical compounds. Also, stresses generated on crystal surfaces 
during milling can adversely affect labile compounds. Overall, the 
three most desirable end-product goals of high surface area, high 
chemical purity, and high stability cannot be obtained using current 
crystallization technology. 
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One standard crystallization procedure involves contacting 
a supersaturated solution of the compound to be crystallized with an 
appropriate "anti-solvent" in a stirred vessel Within the stirred vessel, 
the anti-solvent initiates primary nucleation which leads to crystal 

5 formation and crystal digestion during an aging step. Mixing within the 
vessel can be achieved with a variety of agitators (e.g., Rushton or 
pitched blade turbines, Intermig, etc.), and the process is done in a 
batchwise fashion. 

When using current reverse addition technology for direct 
} °_ small particle crystallization, a concentration gradient can not be 

avoided during initial crystal formation because the introduction of feed 
solution to anti-solvent in the stirred vessel does not afford a thorough 
mixing of the two fluids prior to crystal formation. The existence of 
concentration gradients, and therefore a heterogeneous fluid 

15 environment at the point of initial crystal formation, impedes optimum 
crystal structure formation and increases impurity entrainment. If a 
slow crystallization technique is employed, more thorough mixing of 
the fluids can be attained prior to crystal formation which will improve 
crystal structure and purity, but the crystals produced will be large and 

2 0 milling will be necessary to meet pharmaceutical industry bioavailability 
requirements. 

Another standard crystallization procedure employs 
temperature variation of a solution of the material to be crystallized in 
order to bring the solution to its supersaturation point, but this is a 

25 slow process that produces large crystals. Despite the elimination of a 
solvent gradient with this procedure, the resulting crystal characteristics 
of size, purity and stability are difficult to control and are inconsistent 
from batch to batch. 

Impinging jets are routinely used for micromixing in 

30 reaction injection moulding (RIM) technology in the plastics industry, 
but not for the purpose of causing crystallization. The use of an 
impinging jet device in a crystallization process to achieve intense 
micromixing is novel. Whether feed material is relatively pure or 
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impure, the use of impinging jets results in crystal characteristics 
superior to those that result from standard crystallization methods. 

SUMMARY OF TFTR INVENTION 

Now with the present invention there is provided an 
apparatus for direct and immediate crystallization of pharmaceutical and 
other chemical compounds or their intermediates which directly 
produces high surface area end product crystals with greatly improved 
stability, purity and uniformity thereby eliminating the need for 
subsequent high intensity_milling to meet bioavailability requirements. 
By removing the need for milling, the novel dual jet crystallizer 
apparatus of the invention avoids associated problems of noise and dust, 
cuts yield loss, and saves the time and extra expense incurred during 
milling. Importantly, it also eliminates personnel contact with highly 
potent chemical or pharmaceutical agents, or with adverse effects from 
labile compounds. The particle sizes attainable with the dual jet 
crystallization apparatus are consistent within a single run and results 
are reproducible between runs. Reproducibility is an attribute of the 
apparatus of this invention that is not common to "reverse addition" 
methods typically used to produce small crystals. 

The pure, high surface area particles produced by the dual 
jet crystallizer apparatus of the invention display superior crystal 
structure when compared to particles formed from standard slow 
crystallization plus milling methods using the same quality and kind of 
feed compound. Improvements in crystal structure result in decreases 
in decomposition rate and therefore longer shelf-life for the crystallized 
product or a pharmaceutical composition containing the crystallized 
material. 

The purity of crystallized material produced by the dual jet 
apparatus of the invention is superior to that from standard reverse 
addition direct small particle crystallization. Standard slow batch 
crystallization affords product purity comparable to that afforded by the 
dual jet apparatus of the invention, but the jet apparatus of the invention 
is superior because, in addition to high purity, it also provides higher 
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quality crystal habit and increased particle surface area thereby 
eliminating the need for milling. 

Importantly, the dual jet crystallizer apparatus of the 
invention is suited for continuous processing. Standard crystallization 
methods are generally run in a batchwise fashion. Continuous 
processing affords two advantages: first, the same amount of compound 
supplied to the apparatus can be crystallized in significantly less volume 
by continuous processing than would be possible by using a batch 
method; second, continuous processing enhances reproducibility of 
results because all the material crystallizes under uniform conditions. 
Such uniformity is not possible using batch methods in which 
supersaturation, solubility and other parameters change with time. 

Thus, regardless of the product to be produced, the dual jet 
crystallizer apparatus of the invention enables one to not only obtain 
reproducible, uniform crystals, but crystals that have a geometric 
elegance that were heretofore unattainable with any other method or 
apparatus. 

In general, the dual jet crystallizer apparatus of the 
invention comprises: a generally tubular crystallization and mixing 
chamber open at each end and having a pair of opposed angularly 
disposed arms intermediate its ends which are adapted to removably 
receive a jet nozzle therein; means at one end of said chamber to adjust 
the crystallization volume therewithin; means at the other end of said 
chamber to discharge crystallized product formed therein; a pair of jet 
nozzles adapted at one end to be removably secured to said arms, each 
of said one ends of said jet nozzles having a jet nozzle tip formed 
therein defining a nozzle tip orefice having an elongated bore, the 
opposite ends of said jet nozzles having means to receive and deliver to 
said chamber compound to be crystallized and means to receive and 
deliver to said chamber a crystallizing agent for said compound; and, 
means intermediate the ends of each of said jet nozzles to adjust the 
distance of said jet nozzle tips with respect to the longitudinal axis of 
said crystallization chamber. 
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The angular disposition of the arms on the crystallization 
chamber is such that the angle included by the longitudinal axis of each 
arm and the longitudinal axis of the crystallization chamber is from 
about 60° to about 80°, preferably from about 70° to about 80°. 

The end of each jet nozzle that is removably secured to the 
angular arms is provided with a jet nozzle tip formed therein that 
defines a jet nozzle tip orefice having an elongated bore. The diameter 
of the jet nozzle tip orefice is preferably sized to be from about 1/16 "to 
about 3/8" and the length of its elongated bore should be no more than 
about lO times.the diameter of the orefice. Within these parameters, jet 
nozzles having jet nozzle tip orefices of different diameters can be 
provided to crystallize numerous and various types of compounds. 
Thus, in order to prepare the crystallization chamber for crystallizing a 
different compound, only the jet nozzles need be replaced. 

It will be appreciated that by being able to interchange the 
jet nozzles coupled with controlling the supply flow rates of the 
compound to be crystallized and its crystallizing agent, a degree of 
flexibility is afforded that has not been available before. These benefits, 
considered with those discussed hereinabove, result in providing a dual 
jet crystallizer apparatus that is safe, economical and flexible. 

DETAILED DESCRIPTION OF THE INVENTION 

The dual jet crystallizer apparatus and preferred 
embodiments thereof will become more apparent from the ensuing 
description when considered together with the accompanying drawing 
wherein like reference numerals identify like parts and wherein: 

Fig. 1 is an exploded elevation view of the dual jet 
crystallizer apparatus of the invention; 

Fig. 2 is a side view of one of the dual jet nozzles of the 

crystallizer; 
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Fig. 3 is a view taken substantially on line 3-3 of Fig. 2; 

and, 

Fig. 4 is an enlarged sectional view of the area identified by 
circle A showing details of the jet nozzle tip. 

As illustrated in Fig. 1, the dual jet crystallizer apparatus of 
the invention comprises a generally tubular crystallization and mixing 
chamber 10 open at each end and having angularly opposed tubular 
arms 11,12 intermediate the ends of chamber 10 which are adapted to 
removably receive jet nozzfes 13"and 14. Jet nozzles 13 and"14 can be 
removably secured to arms 11 and 12 by any suitable means such as 
internally threaded collars 15 and 16 which can be screwed onto 
external threads (not shown) provided on the ends of amis 11 and 12. 

The angle included by the longitudinal axis of each of the 
arms 11 and 12 and the longitudinal axis of crystallization chamber 10 
should be from about 60° to 80°, preferably from about 70° to about 
80°. At angles of more than about 80°, it was found that the compound 
to be crystallized and its crystallizing agent would not impact each other 
and crystallize, but would flow into each other and not be discharged. 
At angles of less than about 60°, it was found that although crystallized 
product could be obtained, the resulting crystals were non-uniform. 

The crystallization space; i.e., crystallization volume, 
within crystallization chamber 10 is adjusted by means of piston 17 
which is sized to be slidably received within one end of crystallization 
chamber 10. Piston 17 is secured to crystallization chamber 10 by 
means of internally threaded collar 18 which is screwed onto external 
threads 19 at the lower end of crystallization chamber 10. The exposed 
end of piston 17 is fitted with a piston rod 20 which can be driven by 
conventional means such as a pneumatic pump and appropriately 
connected pneumatic lines (not shown). 

The size of a typical crystallization chamber 10 is one 
having a diameter of from about 3/4" to about 1-1/2" and a length of 
from about 6-1/2" to about 7-1/2". 
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Compound to be crystallized in crystallization chamber 10 
is supplied from a supply source through one jet nozzle, such as 13, by 
means of a suitable product feed line 21 while a suitable crystallizing 
agent is similarly supplied through the other jet nozzle 14 by means of a 
5 suitable crystallizing agent feed line 22. 

Crystallized product is discharged from the other end of 
crystallization chamber 10 through discharge tube 23 and delivered to a 
suitable receptacle by means of delivery conduit 24 communicating with 
and secured to the outlet end of discharge tube 23. Discharge tube 23 
10 can be secured to communicate with the outlet end of crystallization 
chamber 10 by any suitable means such as by securing discharge tube 
flange 25 to flange 26 fitted to the outlet end of chamber 10 by 
conventional means such as by bolting flanges 25 and 26 together. 

Details of both of the jet nozzles of the invention are shown 
15 in Figs. 2-4 using jet nozzle 13 for purposes of illustration. As can be 
seen, the supply end of jet nozzle 13 is secured to feed line 21 by means 
of adapter nut 27 which is screwed onto jet nozzle 13 while the other 
end of jet nozzle 13 terminates in a nozzle tip section 28. 

Intermediate its ends, jet nozzle 13 is provided with 
external circumferential threads 29 which carry a pair of adjusting 
washers 30, 31. By manipulating the adjusting washers 30, 31 along 
external threads 29 toward or away from nozzle tip section 28, the 
distance of nozzle tip section 28 can be further adjusted with respect to 
the longitudinal axis of crystallization chamber 10 as can the distance 
between the nozzle tip sections of each jet nozzle. 

When the distance between the nozzle tip sections is 
adjusted to be closer together, a smaller cross-sectional area of impact 
between a compound and its crystallizing agent is created. When the 
distance between the nozzle tip sections is adjusted to be farther apart, a 
larger cross-sectional area of impact between a compound and its 
crystallization agent is created. This cross-sectional area of impact is 
referred to as the micromixing volume. Thus, when the micromixing 
volume is decreased, more intense and faster mixing of a compound and 
its crystallization agent occurs resulting in crystallized product having a 



20 



25 



30 



WO 94/07582 



PCT/US93/09268 



-8- 

more uniform particle size. Consequently, both the rate of 
crystallization and the particle size of the resulting crystals can be 
optimized for a particular product. 

The configuration of the nozzle tip orefice 32 is defined by 
the land 33 within the nozzle tip section 28 as shown in Fig. 4. In the 
embodiment illustrated in Fig. 4, land 33 defines an orefice 32 having 
an elongated uniform bore 34 that terminates in a flared section 35 
where it enters the body 36 of jet nozzle 13. 

If ;; d :: represents the diameter of orefice 32 and "I" 
represents the length of bore 34, the length of bore 34 should 
preferably be no greater than about 10 times the diameter of orefice 32. 
Thus, if "d" (i.e., the diameter of orefice 32) is 1/8", then "1" (i.e., the 
length of bore 34) should be no greater than about 1-1/4". In a 
preferred embodiment, the diameter of orefice 32 is from about 1/16" 
to about 3/8". 

Assuming that the supply of the compound to be 
crystallized and its crystallization agent are delivered at uniform flow 
rates, it will be apparent that using an orefice 32 of relatively small 
diameter will result in increased velocity of both the compound and its 
crystallization agent. Flow rates dictate the kinetics of crystallization; 
i.e., particle size and uniformity, so that faster flow rates of compound 
and its crystallization agent will result in faster crystallization and 
smaller particles. Thus, the faster a compound and its crystallization 
agent mix and impact, the faster they will reach a uniform environment 
and composition and yield more uniformly sized crystallized product. 

As an example of a typical crystallization operation using 
the apparatus of the invention, jet nozzles 13, 14 were selected whose 
nozzle tip orefices 32 had a diameter of 9/64" for the compound and a 
diameter of 9/32" for the crystallizing agent. The included angle of 
angular arms 11, 12 was 76°. Compound comprising a solution of 
finasteride, acetic acid and water was supplied to nozzle 13 through feed 
line 21 at a rate of 5L per minute. Crystallizing agent- in this instance, 
water- was supplied to nozzle 14 through feed line 22 at a rate of 27L 
per minute. Product was instantly crystallized and discharged through 
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discharge tube 23 and delivered to a suitable receptacle via delivery 
conduit 24. The average particle size of the recovered crystalline 
product was 10-15 |im in the form of hexagonal flakes. 

Since the jet nozzles of the dual jet crystallizer apparatus 
are removable, they can be replaced with jet nozzles having the desired 
orefice diameters for crystallizing a particular product. This jet nozzle 
selection coupled with the ability to fine tune the micromixing volume 
of a compound and its crystallizing agent offers the user a degree of 
flexibility that has not been heretofore available to quickly crystallize a 
wide variety compounds that are recovered in the form of uniform 
crystals. 

Although the dual jet crystallizer apparatus of the invention 
can be fabricated from any suitable plastic or metal or combinations 
thereof, stainless steel is preferred as it can be machined to close 
tolerances, is non-corrosive and durable and can be readily cleaned, 
including sterilization. Thus, while the invention has been described 
with particularity and in some detail, it will be apparent to those skilled 
in this art that changes and modifications can be made therein without 
departing from the scope of the invention recited in the claims. 
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WHAT IS CLAIMED IS: 



1 . A dual jet crystallizer apparatus comprising: 

(a) a tubular crystallization and mixing chamber open at 
each end, and having a pair of opposed tubular arms intermediate its 
ends, each of said arms being angularly disposed such that the angle 
included by the longitudinal axis of each of said arms and the 
longiiuouiai axis or sam cuaiiiuci is iium auuui uu auuui , 
open ends of each of said arms having means to removably receive a jet 
nozzle therein; 



15 



20 



25 



30 



(b) means at one end of said chamber to adjust the 
crystallization volume within said chamber; 

(c) means at the other end of said chamber to discharge 
crystallized product formed in said chamber; 

(d) a pair of jet nozzles adapted to be removably secured 
to said arms, that end of each of said jet nozzles secured to said arms 
having a jet nozzle tip formed therein defining a nozzle tip orefice 
having an elongated bore, the diameter of said orefice being from about 
1/16" to about 3/8" and the length of said bore being no greater than 
about 10 times said diameter, the opposite end of one of said jet nozzles 
having means to receive and deliver compound to said chamber to be 
crystallized and the opposite end of the other jet nozzle having means to 
receive and deliver to said chamber a crystallizing agent for said 
compound; and, 

(e) means intermediate the ends of said jet nozzles to 
adjust the distance between said jet nozzle tips and the longitudinal axis 
of said chamber. 
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2. The dual jet crystallizer apparatus of Claim 1 
wherein the included angle formed by the longitudinal axis of each of 
said arms with the longitudinal axis of said chamber is from about 70° 
to about 80°. 

3. The dual jet crystallizer apparatus of Claim 1 
wherein said volume adjusting means is a piston sized to be slidably 
received within said chamber. 

4. The dual jet crystallizer apparatus of Claim 1 
wherein said distance adjusting means on said jet nozzles is provided by 
a pair of adjusting washers threadably secured to the outer 
circumference of each of said jet nozzles. 

5. A dual jet crystallizer apparatus comprising 

(a) a tubular crystallization and mixing chamber open at 
each end and having a pair of opposed tubular arms intermediate its 
ends, said arms being angularly disposed such that the angle included by 
the longitudinal axis of each of said arms and the longitudinal axis of 
said chamber is from about 70° to about 80°, the open end of each of 
said arms having means to removably receive a jet nozzle therein; 

(b) a piston sized to be slidably received within said 
chamber at one end thereof to adjust the crystallization volume within 
said chamber; 

(c) means at the other end of said chamber to discharge 
crystallized product formed in said chamber; 

(d) a pair of jet nozzles adapted to be removably secured 
to said arms, that end of each of said jet nozzles secured to said arms 
having a jet nozzle tip formed therein defining a nozzle tip orefice 
having an elongated bore, the diameter of said orefice being from about 
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1/16 "to about 3/8" and the length of said bore being no greater than 
about 10 times said diameter, the opposite end of one of said jet nozzles 
having means to receive and deliver to said chamber compound to be 
crystallized, and the opposite end of the other jet nozzle having means to 
receive and deliver to said chamber a crystallizing agent for said 
compound; and, 

(e) a pair of adjusting washers threadably secured to the 
outer circumference of each of said jet nozzles to adjust the distance 
between each of said jet nozzle tips and the longitudinal axis of said 
chamber. 
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